Introduction
============

Rosuvastatin is one of the most potent widely available statins, and is approved for reducing circulating low-density lipoprotein cholesterol (LDL-C) levels. Since it was first introduced in the market about a decade ago, the safety and the efficacy of rosuvastatin have been extensively evaluated in a wide variety of patients in clinical trials and in postmarketing surveillance.[@b1-ibpc-6-015]--[@b4-ibpc-6-015] Large-scale clinical studies demonstrate that rosuvastatin provides greater reductions in LDL-C than most other statins, enabling more patients to achieve their LDL-C goals.[@b5-ibpc-6-015] In addition, rosuvastatin has beneficial effects on other components of the atherogenic lipid profile, such as decreasing plasma levels of triglycerides and apolipoprotein B, modifying LDL particle size and LDL subfraction distributions towards a less atherogenic phenotype, and raising plasma high-density lipoprotein cholesterol (HDL-C) concentrations.[@b6-ibpc-6-015]--[@b9-ibpc-6-015] As observed with other statins, rosuvastatin has lipid-independent pleiotropic effects, eg, anti-inflammatory, antioxidant, and antithrombotic effects, and can improve endothelial function.[@b10-ibpc-6-015],[@b11-ibpc-6-015] These lipid-modifying and pleiotropic effects of rosuvastatin and other statins have been translated into beneficial effects on atherosclerosis and result in significant reductions in cardiovascular events, as observed in clinical studies.[@b1-ibpc-6-015],[@b3-ibpc-6-015],[@b12-ibpc-6-015],[@b13-ibpc-6-015] This review aims to provide an update on the safety and the efficacy of rosuvastatin in recent large clinical trials.

The materials reviewed were identified by searching PubMed for publications between 2001 to February 2013, using "rosuvastatin" as the search term. The search was limited to clinical studies, and in vitro and animal studies were generally excluded. Articles written in languages other than English were not included. This review focused on larger randomized studies, but referenced smaller-scale studies, observational studies, and other reviews where appropriate. We also searched reference lists of articles identified by this search strategy and selected those judged relevant. The manufacturer's published information about rosuvastatin was also used.

Pharmacokinetic profiles
========================

Rosuvastatin is a fully synthetic 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitor and has dose-linear pharmacokinetics.[@b14-ibpc-6-015] The absolute bioavailability of rosuvastatin is approximately 20%, which is comparable to atorvastatin, fluvastatin, and pravastatin, but higher than that of lovastatin and simvastatin, which are extensively metabolized in the gut and liver ([Table 1](#t1-ibpc-6-015){ref-type="table"}).[@b15-ibpc-6-015] After a single oral dose, the maximum plasma concentrations of rosuvastatin are reached at 3--5 hours. Rosuvastatin is 88% bound to plasma proteins, mostly albumin, and this binding is reversible and independent of plasma concentrations. The mean volume of distribution of rosuvastatin is approximately 134 L in a steady state.[@b16-ibpc-6-015]--[@b18-ibpc-6-015] Rosuvastatin undergoes little metabolism, and only a small proportion of rosuvastatin (about 10%) is recovered as metabolites, mainly *N*-desmethyl rosuvastatin, which has approximately one-sixth to one-half the HMG-CoA reductase inhibitory activity of rosuvastatin.[@b18-ibpc-6-015] Cytochrome P450 (CYP) 2C9 is the principal isoenzyme responsible for the metabolism of rosuvastatin, with a minimal effect from CYP2C19. Rosuvastatin and its metabolites are primarily excreted in the feces (90%), and the elimination half-life of rosuvastatin is approximately 19 hours after oral administration.[@b16-ibpc-6-015]--[@b18-ibpc-6-015]

The plasma concentrations of rosuvastatin in Japanese and in Chinese are approximately double those in Caucasians,[@b18-ibpc-6-015] and this has led to regulatory authorities, including the US Food and Drug Administration (FDA), recommending lower starting doses (5 mg) in Asian patients since 2005.[@b19-ibpc-6-015] In Japan, the recommended starting dose of rosuvastatin is only 2.5 mg.[@b20-ibpc-6-015] Although the contribution of environmental and genetic factors to the observed increases in rosuvastatin drug levels in East Asians have not been fully determined, a functional polymorphism, 421C \> A, in the drug-efflux transporter ATP-binding cassette G2 gene (*ABCG2*) significantly influenced the pharmacokinetics of rosuvastatin in Chinese and Caucasians.[@b21-ibpc-6-015],[@b22-ibpc-6-015] Subjects with one or two copies of the variant allele had plasma rosuvastatin levels twice as high as those with the wild-type genotype.[@b21-ibpc-6-015],[@b22-ibpc-6-015] This variant is more common in Chinese and other East Asians (allele frequency about 35%) than in Caucasians (14%),[@b23-ibpc-6-015] and probably contributes to the ethnic difference in the pharmacokinetics of rosuvastatin.

There were no differences in plasma concentrations of rosuvastatin between men and women or between nonelderly and elderly subjects (age ≥ 65 years).[@b18-ibpc-6-015],[@b24-ibpc-6-015] In patients with severe renal impairment (creatinine clearance \< 30 mL/minute/1.73 m^2^) but not mild to moderate renal impairment (creatinine clearance ≥ 30 mL/minute/1.73 m^2^), the plasma concentrations of rosuvastatin were significantly increased (to about threefold) compared with healthy subjects.[@b18-ibpc-6-015] Patients on chronic hemodialysis had approximately 50% greater steady-state plasma concentrations of rosuvastatin compared with healthy volunteers with normal renal function.[@b18-ibpc-6-015] The plasma concentrations of rosuvastatin were modestly increased in patients with chronic alcoholic liver disease.[@b18-ibpc-6-015]

Since rosuvastatin is minimally metabolized by CYP enzymes, it has a lower risk of drug--drug interactions and related adverse drug reactions than other statins for which the disposition is dependent on CYP enzymes. As a hydrophilic statin, the active transport of rosuvastatin into hepatocytes is largely dependent on the hepatic influx transporter organic anion transporter protein (OATP) 1B1. A recent review summarizing drug--drug interactions with rosuvastatin indicates that drugs that antagonize OATP1B1-mediated hepatic uptake of rosuvastatin are more likely to interact with rosuvastatin.[@b25-ibpc-6-015] A potential pharmacokinetic interaction may occur when rosuvastatin is coadministered with vitamin K antagonists, cyclosporine, gemfibrozil, antiretroviral agents and some oral antidiabetic agents (glyburide, glimepiride, troglitazone, pioglitazone, glipizide, gliclazide, and tolbutamide).[@b25-ibpc-6-015],[@b26-ibpc-6-015]

Therapeutic efficacy
====================

Lipids
------

The lipid-lowering efficacy of rosuvastatin has been extensively studied in clinical studies in patients with a wide range of lipid disorders.[@b1-ibpc-6-015],[@b6-ibpc-6-015],[@b27-ibpc-6-015] The Statin Therapies for Elevated Lipid Levels Compared Across Doses to Rosuvastatin (STELLAR) study, which was a 6-week, parallel-group, open-label, randomized, multicenter trial in over 2400 patients with hypercholesterolemia, compared the lipid-lowering effect of rosuvastatin with other commonly used statins.[@b28-ibpc-6-015] It showed that rosuvastatin (10--40 mg daily) reduced LDL-C by 46%--55% versus (vs) 37%--51% with atorvastatin (10--80 mg), 28%--46% with simvastatin (10--80 mg), and 20%--30% with pravastatin (10--40 mg).[@b6-ibpc-6-015],[@b28-ibpc-6-015] In addition, rosuvastatin also decreased triglycerides more significantly than simvastatin and pravastatin, but was comparable to atorvastatin in this effect. In addition, rosuvastatin increased HDL-C by a mean of 8%--10% compared with 2%--7% in all other statin groups.

A recent meta-analysis that pooled individual data from 32,258 patients who participated in studies comparing the efficacy of rosuvastatin with that of atorvastatin or simvastatin showed that doubling the statin doses was associated with greater lowering of LDL-C by 4%--6% and non-HDL-C by 3%--6%, with the greatest effect observed in rosuvastatin-treated patients ([Figure 1](#f1-ibpc-6-015){ref-type="fig"}).[@b5-ibpc-6-015] A subsequent analysis on changes in HDL-C showed that the HDL-C-raising ability of rosuvastatin and simvastatin appeared to be comparable, with both being superior to atorvastatin.[@b29-ibpc-6-015] Increases in HDL-C were positively related to statin dose with rosuvastatin and simvastatin but inversely related to dose with atorvastatin. The change in HDL-C with statins was independent of LDL-C change, but was influenced by baseline HDL-C and triglyceride levels and the presence of diabetes.[@b29-ibpc-6-015]

It has been reported that rosuvastatin at different doses significantly reduced plasma concentrations of apolipoprotein B, the most readily available measure of LDL particle number, in patients with hypercholesterolemia, hypertriglyceridemia, low HDL-C, mixed dyslipidemia, and heterozygous familial hypercholesterolemia.[@b6-ibpc-6-015] Few studies have directly investigated the effect of rosuvastatin on modifying LDL particle size and LDL subfraction distributions.[@b8-ibpc-6-015],[@b30-ibpc-6-015]--[@b34-ibpc-6-015] It appears that the increase in LDL particle size and the favorable effects on LDL subclass distribution with rosuvastatin were more obvious in patients with hypertriglyceridemia.

Blood pressure
--------------

Endothelial dysfunction is an early marker of vascular damage and is a common finding in hypertension.[@b35-ibpc-6-015] Current evidence suggests that statins have pleiotropic effects on vascular function, with mechanisms that include an increase in the synthesis of vascular nitric oxide, inhibition of vascular smooth-muscle cell proliferation and migration, anti-inflammatory actions, downregulation of angiotensin II type 1 receptor expression, and antioxidative effects.[@b36-ibpc-6-015]--[@b38-ibpc-6-015] It has been suggested that most patients with hypertension should take statin treatment to reduce cardiovascular risk in addition to their antihypertensive treatment.[@b39-ibpc-6-015] Furthermore, it has been reported that statins themselves have a modest blood pressure-lowering effect, particularly in patients with poorly controlled hypertension.[@b40-ibpc-6-015] These effects are considered to be mediated by the beneficial effects of statins on endothelial function, their interactions with the renin--angiotensin system, and their influence on large artery compliance.[@b36-ibpc-6-015],[@b37-ibpc-6-015] Some animal studies showed that rosuvastatin reduced blood pressure in spontaneously hypertensive rats and in rats with C-reactive protein (CRP)-induced endothelial dysfunction and hypertension, and these effects appeared to be related to its endothelial protection and antioxidant effects.[@b41-ibpc-6-015],[@b42-ibpc-6-015] Future randomized controlled trials are needed to investigate the blood pressure-lowering effect of rosuvastatin in patients with increased cardiovascular risk.

Surrogate biomarkers for atherosclerosis
----------------------------------------

A number of imaging trials have assessed the impact of rosuvastatin on atherosclerosis progression. In these surrogate end-point trials, imaging techniques such as intravascular ultrasound (IVUS) and measurement of carotid intima-media thickness (CIMT) using B-mode ultrasound were used to measure statin-induced changes in CIMT or plaque volume/burden, which were linked to the cardiovascular events.

In the ASTEROID (A Study to Evaluate the Effect of Rosuvastatin on Intravascular Ultrasound Derived Coronary Atheroma Burden) study, rosuvastatin 40 mg daily for 24 months produced a significant regression of coronary atherosclerosis in 349 patients with coronary heart disease who had evaluable serial IVUS examinations at the end of the study.[@b43-ibpc-6-015] In this noncomparative and open-label study, rosuvastatin treatment was significantly (*P* \< 0.001) associated with a mean reduction of 53% in LDL-C (from 130.4 mg/dL at baseline to 61 mg/dL) and an increase of 14.7% in HDL-C (from 43.1 mg/dL to 49.0 mg/dL). These lipid changes were associated with a median reduction of −6.8% or −12.5 mm^3^ in atheroma volume (*P* \< 0.001 vs baseline). Regression of atheroma volume in the most diseased coronary arteries was observed in 78% of participants. There was a direct relationship between the on-treatment LDL-C level and the rate of disease progression, with regression typically occurring in subjects with LDL-C levels below 70 mg/dL.[@b43-ibpc-6-015] A subsequent analysis in 292 patients who had one or more segments with ≥25% diameter stenosis in the coronary angiogram performed at baseline showed there was a significant regression by decreasing percent-diameter stenosis and improving minimum lumen diameter, as measured by quantitative coronary angiography.[@b44-ibpc-6-015] A total of 7.5% of patients showed ≥ 10% change in percent-diameter stenosis for regression, whereas 89.4% had \<10% change and 3.1% had progression.[@b44-ibpc-6-015] Another open-label study examined the effect of rosuvastatin (2.5--20 mg for 76 weeks) on plaque volume in Japanese subjects with coronary artery disease, including those receiving prior lipid-lowering therapy. There were significant (*P* \< 0.0001) mean (± SD) reductions in LDL-C by −38.6% ± 16.9% and increases in HDL-C by 19.8% ± 22.9%, and these changes were associated with a −5.1% ± 14.1% reduction in coronary plaque volume assessed by IVUS.[@b45-ibpc-6-015] However, these studies in patients with advanced coronary disease were limited by the uncontrolled design.

The Outcome of Rosuvastatin Treatment on Carotid Artery Atheroma: A Magnetic Resonance Imaging Observation (ORION) trial assessed the effects of rosuvastatin on carotid plaque volume and composition by using magnetic resonance imaging.[@b46-ibpc-6-015] In this randomized, double-blind study, 33 patients with fasting LDL-C ≥ 100 and \<250 mg/dL and 16%--79% carotid stenosis by duplex ultrasound were treated with either a low (5 mg) or high (40/80 mg) dose of rosuvastatin for 24 months.[@b46-ibpc-6-015] During the study, the LDL-C was reduced by 38.2% and 59.9% in the low- and high-dose groups, respectively (both *P* \< 0.001). There were no significant changes in carotid plaque volume for either dosage group. However, in patients with a lipid-rich necrotic core at baseline, the mean proportion of the vessel wall composed of lipid-rich necrotic core decreased by 41.4% (*P* = 0.005). These findings suggested that statin therapy had a beneficial effect on plaque volume and composition.

The Measuring Effects on Intima-Media Thickness: An Evaluation of Rosuvastatin (METEOR) study used CIMT assessment to investigate the impact of rosuvastatin therapy in patients with a low cardiovascular risk (10-year Framingham risk of \<10%), mild hypercholesterolemia, and subclinical atherosclerosis, with a maximum CIMT of 1.2--3.5 mm.[@b47-ibpc-6-015] In this randomized, double-blind, placebo-controlled study, treatment with rosuvastatin 40 mg daily was associated with lowering LDL-C by 49% to 78 mg/dL and less CIMT progression over 2 years compared with placebo. The change in maximum CIMT for the carotid sites was −0.0014 mm/year for the rosuvastatin group compared with a progression of 0.0131 mm/year for the placebo group (*P* \< 0.0001).[@b47-ibpc-6-015] These results revealed a positive effect of high dose of rosuvastatin on the progression of atherosclerosis in subjects with early signs of carotid artery disease and at low cardiovascular risk who would not routinely be treated with statin therapy.

However, lower doses of rosuvastatin are usually administered in asymptomatic patients with hypercholesterolemia in clinical practice. Riccioni et al performed an open-label, noncontrolled study to evaluate the effect of rosuvastatin 10 mg daily for 2 years on CIMT in 45 patients with hypercholesterolemia and asymptomatic carotid atherosclerosis (CIMT ≥ 0.8 mm at baseline).[@b48-ibpc-6-015] Rosuvastatin treatment was significantly associated with a 26.6% reduction in left CIMT (1.20 vs 0.90 mm, *P* \< 0.001) and a 22.2% reduction in right CIMT (1.22 vs 0.95 mm, *P* \< 0.001).[@b48-ibpc-6-015] Another small prospective randomized study performed with 38 Japanese patients with chronic kidney disease showed that rosuvastatin 2.5 mg daily for 12 months significantly reduced maximal CIMT (1.89 vs 1.75 mm, *P* = 0.02) and modified the inflammatory state of these patients.[@b49-ibpc-6-015] A very recent study examined the effect of rosuvastatin on progression of atherosclerosis in 36 HIV-infected patients with asymptomatic carotid atherosclerosis and hypercholesterolemia who were on stable antiretroviral therapy.[@b50-ibpc-6-015] Rosuvastatin 10 mg daily for 24 months led to a significant reduction in IMT in all extracranial carotid arteries, with the greatest magnitude observed in carotid bifurcations (a mean decrease of 18.7% in the right artery and 21.4% in the left artery) and in internal carotid arteries (a mean decrease of 23.7% in the right artery and 25.6% in the left artery).[@b50-ibpc-6-015] The results of these studies suggested a beneficial effect of lower doses of rosuvastatin on atherosclerosis progression.

The Study of Coronary Atheroma by Intravascular Ultrasound: Effect of Rosuvastatin Versus Atorvastatin (SATURN) compared the effects of maximal doses of rosuvastatin (40 mg daily) and atorvastatin (80 mg daily) on progression of coronary atherosclerosis in 1039 patients with angiographic coronary artery disease.[@b51-ibpc-6-015] After the 2-year treatment, the two statin regimens resulted in significant and comparable regression of coronary atherosclerosis, with the percentage atheroma volume decreasing by 0.99% with atorvastatin and by 1.22% with rosuvastatin (*P* = 0.17), although a lower level of LDL-C and a higher level of HDL-C were achieved with rosuvastatin treatment compared with atorvastatin.[@b51-ibpc-6-015]

Cardiovascular events
=====================

Several large randomized controlled clinical trials have evaluated the effect of rosuvastatin in reducing major adverse cardiovascular events in various clinical settings ([Table 2](#t2-ibpc-6-015){ref-type="table"}).

Primary prevention
------------------

The Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) trial is the largest clinical study so far to assess the beneficial effect of statin therapy on the primary prevention of cardiovascular disease (CVD).[@b52-ibpc-6-015] A total of 17,802 apparently healthy individuals with relatively normal levels of LDL-C (\<130 mg/dL or 3.4 mmol/L) and increased high-sensitivity C-reactive protein (hsCRP) (\>2 mg/L) were randomized 1:1 to receive either rosuvastatin 20 mg or matched placebo once daily and were followed up every 6 months. The primary efficacy end point was the occurrence of first major cardiovascular events, including the combined incidence of nonfatal myocardial infarction, nonfatal stroke, hospitalization for unstable angina, arterial revascularization procedures, and deaths due to cardiovascular causes. The study was stopped prematurely after a median follow-up of 1.9 years (maximum follow-up of 5 years) because rosuvastatin therapy demonstrated a highly significant 44% reduction in cardiovascular events.[@b52-ibpc-6-015] There were significant differences between rosuvastatin and placebo in the incidence of the individual components of the primary efficacy end point, including nonfatal myocardial infarction (hazard ratio \[HR\] 0.35, 95% confidence interval \[CI\] 0.22--0.58), nonfatal stroke (HR 0.52, 95% CI 0.33--0.80), and arterial revascularization (HR 0.54, 95% CI 0.41--0.72).[@b52-ibpc-6-015],[@b53-ibpc-6-015] Participants who achieved the lowest concentrations of both LDL-C and hsCRP had the best outcome.[@b54-ibpc-6-015] This study demonstrated that the use of rosuvastatin is associated with a favorable outcome in patients with evidence of elevated systemic inflammatory markers and one additional risk factor. The result of the JUPITER trial prompted the FDA to approve the use of rosuvastatin -- in older subjects (\>50 years in men, \>60 years in women) with elevated hsCRP levels (\>2 mg/L) and at least one additional cardiovascular risk factor -- in early 2010.[@b55-ibpc-6-015] In the JUPITER study, rosuvastatin was also found to be effective in reducing the occurrence of symptomatic venous thromboembolism, with 34 events in the rosuvastatin group compared to 60 events in the placebo group (HR with rosuvastatin 0.57, 95% CI 0.37--0.86; *P* = 0.007).[@b56-ibpc-6-015] However, the JUPITER trial was stopped early after a median follow-up of less than 2 years, and critics of the trial have suggested that the early termination possibly overestimated the treatment effect.[@b57-ibpc-6-015] The effect of longer-term therapy with rosuvastatin in patients with increased risk of CVD remains to be determined.

Patients with heart failure
---------------------------

There are two randomized, double-blind, placebo-controlled trails to evaluate the effect of rosuvastatin on cardiovascular outcome in patients with heart failure: the Controlled Rosuvastatin Multinational Trial in Heart Failure (CORONA) study[@b58-ibpc-6-015] and the Gruppo Italiano per lo Studio della Supravvivenza nell'Insufficienza Cardiac (GISSI HF) study.[@b59-ibpc-6-015] In the CORONA study, rosuvastatin 10 mg daily for 33 months did not reduce the primary outcome, including incidence of cardiovascular death, myocardial infarction and stroke, or total mortality, in older patients with systolic heart failure from ischemic heart disease, although the number of cardiovascular hospitalizations was reduced with rosuvastatin treatment.[@b58-ibpc-6-015] Similarly, rosuvastatin 10 mg had no effect on the clinical outcomes in patients with chronic heart failure of any cause during a follow-up period of a median of 3.9 years in the GISSI HF study.[@b59-ibpc-6-015]

Interestingly, subsequent analysis from these two trials suggested that certain clinical or biochemical markers reflecting underlying disease characteristics may identify subgroups of heart-failure patients that benefit from statin therapy. For example, the hsCRP levels decreased by 37.1% after 3 months of rosuvastatin treatment in the CORONA study, and a post hoc analysis showed that patients with an hsCRP concentration ≥ 2.0 mg/L at baseline had a higher rate of the primary outcome in the placebo group compared with patients with an hsCRP concentration \< 2.0 mg/L and rosuvastatin improved outcomes in patients with a CRP level of ≥2.0 mg/L at baseline.[@b60-ibpc-6-015] Another analysis suggested that plasma amino-terminal pro-brain natriuretic peptide (NT-proBNP), a marker of cardiac dysfunction and prognosis, could also be used to identify a subgroup of heart-failure patients (NT-proBNP \< 103 pmol/L) that benefit from statin therapy.[@b61-ibpc-6-015]

It has been suggested that galectin-3, a member of the lectin family that has regulatory roles in fibrogenesis, inflammation, tissue repair, and cell proliferation, may play a role in the pathophysiology of heart failure through promotion of myocardial fibrosis and inflammation.[@b62-ibpc-6-015],[@b63-ibpc-6-015] A recent analysis in the CORONA participants showed that patients with lower galectin-3 levels (≤19.0 ng/mL), potentially reflecting lower and reversible levels of myocardial fibrosis, appeared to benefit from rosuvastatin therapy.[@b63-ibpc-6-015] Furthermore, patients with low levels of both galectin-3 and NT-proBNP demonstrated the lowest rate of adverse outcomes with rosuvastatin treatment.[@b63-ibpc-6-015]

Latini et al further investigated whether pentraxin-3, a component of the humeral arm of the innate immune system produced at the site of inflammation, had prognostic values in chronic heart failure and whether rosuvastatin treatment affected the plasma pentraxin-3 levels in patients with heart failure in the CORONA and GISSI-HF trails.[@b64-ibpc-6-015] They found that baseline elevated pentraxin-3 was associated with a higher risk of all-cause mortality, cardiovascular mortality, or hospitalization for worsening heart failure. Unexpectedly, after 3 months of treatment, the pentraxin-3 levels in the rosuvastatin arm increased significantly compared with placebo. The 3-month changes in pentraxin-3 were associated with fatal events after adjustment for hsCRP or NT-proBNP. The mechanisms responsible for pentraxin-3 elevation in patients receiving rosuvastatin are not known and merit further investigation.

Patients undergoing hemodialysis
--------------------------------

The effects of rosuvastatin on cardiovascular outcome in patients undergoing hemodialysis were assessed in the AURORA (A Study to Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An Assessment of Survival and Cardiovascular Events) trial.[@b65-ibpc-6-015] In this randomized, double-blind, prospective trial, 2776 patients aged 50--80 years were randomized to receive rosuvastatin, 10 mg daily, or placebo for a median follow-up period of 3.8 years. There was no significant effect of rosuvastatin on the combined primary end point of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, although the initiation of treatment with rosuvastatin lowered the LDL-C, triglyceride, and hsCRP levels. No relationship was found between the cardiovascular end points and baseline or on-treatment LDL-C levels. Rosuvastatin had no effect on individual components of the primary end point or all-cause mortality in this group of patients either.[@b65-ibpc-6-015] These results are similar to previous findings with atorvastatin in patients with diabetes undergoing hemodialysis.[@b66-ibpc-6-015] However, the AURORA study excluded patients who were already receiving statins before the study, and thus selection bias or the possibility that investigators excluded patients whom they believed warranted statin therapy cannot be ruled out. Furthermore, this study only recruited patients who were 50--80 years of age, and thus the possible benefits of rosuvastatin in younger patients were not explored.[@b66-ibpc-6-015]

High dose before percutaneous coronary intervention
---------------------------------------------------

There is increasing evidence that a single high dose of statin pretreatment before percutaneous coronary intervention (PCI) in patients with acute coronary syndrome (ACS) is associated with a reduced incidence of short-term adverse events and periprocedural myocardial infarction.[@b67-ibpc-6-015],[@b68-ibpc-6-015] It has been reported that a single high dose of rosuvastatin (40 mg) loading is beneficial on the outcome of patients with ACS who underwent PCI. In this unblinded randomized trial in 445 patients with non-ST segment-elevation ACS, rosuvastatin loading approximately 16 hours before PCI resulted in a 53% reduction in the risk of periprocedural myocardial infarction and a 63% reduction in the risk of 30-day major adverse cardiac events (MACEs), including cardiac death, nonfatal myocardial infarction, nonfatal stroke, and any ischemia-driven revascularization, compared to no statin pretreatment.[@b68-ibpc-6-015] A 12-month clinical follow-up study in this group of patients showed that the incidence of MACEs occurred in 20.5% of patients in the control group and 9.8% of patients in the rosuvastatin group (*P* = 0.002).[@b69-ibpc-6-015] Multivariate analysis revealed that rosuvastatin loading was an independent predictor of a reduction in the risk of MACEs at 12 months (odds ratio 0.5, *P* = 0.006). In another randomized study in 67 Chinese patients with non-ST segment-elevation ACS who were randomly assigned to the group of no statin pretreatment or to the rosuvastatin group (20 mg 12 hours before PCI, and a further 20 mg 2 hours before PCI), high loading-dose rosuvastatin therapy before PCI was associated with the reduction of periprocedural myocardial infarction, MACEs, and inflammatory response.[@b70-ibpc-6-015] A very recent randomized, double-blind, placebo-controlled study showed that a single high dose (20 mg) of rosuvastatin prior to PCI reduced postprocedural myocardial injury in Chinese patients with ACS, with a concomitant attenuation of postprocedural increase in hsCRP and interleukin 6 levels,[@b71-ibpc-6-015] suggesting that these beneficial effects of statin pretreatment on clinical outcomes are possibly via inhibition of the periprocedural inflammatory response.

Safety
======

The extensive clinical experience with rosuvastatin in a broad range of patients in different ethnic groups has clearly established the safety of rosuvastatin in doses up to 40 mg.[@b2-ibpc-6-015],[@b62-ibpc-6-015]--[@b64-ibpc-6-015] The higher dose of 80 mg was associated with increased risk of development of severe myopathy and rhabdomyolysis in phase III trials, and was discontinued from development.[@b72-ibpc-6-015] In general, rosuvastatin is well tolerated, and its safety profile at approved doses was similar to those of the other available statins.[@b2-ibpc-6-015],[@b73-ibpc-6-015]--[@b75-ibpc-6-015] The muscle-toxicity risk for rosuvastatin was comparable to or slightly less than the risk with the other statins. In placebo-controlled trials, myopathy possibly related to treatment was reported in up to 0.1% of patients taking rosuvastatin doses of up to 40 mg, and higher doses appeared to be associated with increased risk of myopathy.[@b76-ibpc-6-015],[@b77-ibpc-6-015]

Proteinuria has been identified as a consequence of potent statin therapy, but the development of proteinuria was not predictive of acute or progressive renal disease,[@b76-ibpc-6-015] and several studies have shown no adverse effect on renal function with rosuvastatin.[@b78-ibpc-6-015]--[@b80-ibpc-6-015] Dipstick-positive proteinuria and microscopic hematuria were observed among rosuvastatin-treated patients, predominantly in patients dosed above the recommended dose range (ie, 80 mg), in the rosuvastatin clinical development program.[@b18-ibpc-6-015] However, this finding was more frequent in patients taking rosuvastatin 40 mg, when compared to lower doses of rosuvastatin or comparator statins.[@b18-ibpc-6-015] A recent retrospective analysis of renal adverse events in a large, diverse population of patients (n = 40,600) included in the rosuvastatin clinical development program showed that rosuvastatin treatment was not associated with an increased risk of developing renal impairment or renal failure among participants in studies designed to assess its effects on blood-lipid levels, progression of atherosclerosis, or the risk of sustaining major cardiovascular events.[@b81-ibpc-6-015] These findings suggest that rosuvastatin does not affect the risk of developing renal insufficiency or renal failure in patients who do not have advanced preexisting renal disease.

It is known that all statins may induce elevation of liver enzymes (in particular, alanine and aspartate transaminases) above normal values, and no particular statin appears to cause these elevations more frequently than others,[@b2-ibpc-6-015],[@b77-ibpc-6-015],[@b82-ibpc-6-015] although in some studies high-dose atorvastatin showed greater rates of transaminase elevation than simvastatin, especially in females.[@b83-ibpc-6-015] There was a small but noticeable increase in hepatic enzymes across the dose range of rosuvastatin, with an overall incidence of elevated enzymes seen on 0%--0.4% of the samples assayed.[@b18-ibpc-6-015] It has been questioned whether the effect of statins on transaminases indicates hepatotoxicity or just a hepatic reaction to a greater reduction in lipid levels, as all lipid-lowering drugs may increase liver enzymes.[@b73-ibpc-6-015],[@b77-ibpc-6-015] The risk of liver failure with rosuvastatin is extremely low and does not differ from the background rate of liver failure in the general population.[@b2-ibpc-6-015],[@b73-ibpc-6-015]

However, the JUPITER trial identified a small but measurable risk of physician-reported incident diabetes mellitus with rosuvastatin treatment,[@b52-ibpc-6-015] and this reignited attention on the link between statin therapy and diabetes. Subsequent meta-analyses of 13 major placebo-controlled statin trials including the JUPITER trial demonstrated that this was a class effect for the statins, with a 9% increased risk of developing diabetes over 4 years observed.[@b84-ibpc-6-015] It was further reported that patients receiving intensive-dose statin therapy had increased risk of new-onset diabetes but a reduced risk for cardiovascular events compared with moderate-dose therapy over a weighted mean follow-up of 4.9 years, with odds ratios of 1.12 (95% CI 1.04--1.44) and 0.84 (95% CI 0.75--0.94), respectively.[@b85-ibpc-6-015] A more recent meta-analysis suggested that different types of statins had different potential to increase the incidence of diabetes, with pravastatin being numerically associated with the lowest risk, whereas rosuvastatin was associated with the highest risk of developing diabetes.[@b86-ibpc-6-015] Furthermore, the meta-regression analysis showed that the risk for developing diabetes was not influenced by the different abilities of statins to reduce cholesterol and suggested molecule-dependent mechanisms may be responsible for the new onset of diabetes with statins.[@b86-ibpc-6-015] It should be noted that the risk of developing diabetes with rosuvastatin in the JUPITER trial was limited to participants who had biochemical evidence of impaired fasting glucose or multiple components of the metabolic syndrome, and these patients were already at high risk of developing diabetes.[@b87-ibpc-6-015] Further investigations are needed to confirm whether rosuvastatin treatment is associated with a higher risk of incidence of diabetes than other statins.

Conclusion
==========

Rosuvastatin is one of the most effective statins available for reducing LDL-C and improving HDL-C and enabling more high-risk patients to achieve their lipid goals. Its favorable balance of effects on atherogenic and protective lipoproteins and its pleiotropic actions are associated with slowing of progression of atherosclerosis within the artery wall and with the clinical benefits of improved cardiovascular outcomes. Although there is a slightly increased risk of incident diabetes with rosuvastatin, as with other statins, the absolute benefit of statin therapy on cardiovascular events overweighs this risk in patients with moderate or high cardiovascular risk, including many patients with hypertension or diabetes or those with documented CVD.
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###### 

Pharmacokinetic properties of statins

  Parameters              Atorvastatin   Fluvastatin   Lovastatin         Pitavastatin          Pravastatin                    Rosuvastatin                  Simvastatin
  ----------------------- -------------- ------------- ------------------ --------------------- ------------------------------ ----------------------------- -------------
  Bioavailability, %      12             24--30        5                  60--80                18                             20                            \<5
  Protein binding, %      \>98           \>98          \>98               \>99                  50                             88                            \>95
  Half-life, hours        7--20          1--3          2--5               10--13                1--3                           19                            2--5
  Hepatic extraction, %   70             ≥70           ≥70                80                    45                             63                            ≥80
  Renal excretion, %      \<5            6             10                 15                    20                             10                            13
  Metabolism              +++            +++           +++                ++                    \+                             \+                            +++
  CYP                     3A4, 2C8       2C9           3A4/5, 2C8         2C9, 2C8              3A4                            2C9, 2C19                     3A4/5, 2C8
  Influx transporters     SLCO1B1        SLCO1B1       SLCO1B1, SLC16A4   SLCO1B1/1B3/2B1/1A2   SLCO1B1/2B1 SLC22A8, SLC16A1   SLCO1B1/1B3/2B1/1A2 SLC10A1   SLCO1B1
  Efflux transporters     ABCB1/G2       ABCG2         ABCB1              ABCB1/C2/G2           ABCB1/B11/C2/G2                ABCB1/C2/G2                   ABCB1/G2

**Abbreviations:** ABC, ATP-binding cassette; CYP, cytochrome P450 enzymes; SLC, solute carrier; SLCO, solute carrier organic anion transporter.

**Notes:** "+" indicates the drug undergoes metabolism; the number of "+" indicates the extent of metabolism.

###### 

Effect of rosuvastatin (R) in the primary and secondary prevention of cardiovascular disease in randomized controlled trials

  Clinical trial              Patients                                                                                                                                                  Duration             Treatment groups     End point                                                                                                                                                                                                                                                   Results
  --------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------- -------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------
  JUPITER[@b52-ibpc-6-015]    17,802 apparently healthy individuals with normal levels of LDL-C and increased hsCRP                                                                     1.9 years (median)   R 20 mg vs placebo   Occurrence of first major cardiovascular events, including the combined incidence of nonfatal myocardial infarction, nonfatal stroke, hospitalization for unstable angina, arterial revascularization procedures, and deaths due to cardiovascular causes   A 44% reduction in primary end point
  CORONA[@b58-ibpc-6-015]     5011 patients ≥ 60 years of age with New York Heart Association class II--IV ischemic, systolic heart failure                                             33 months (median)   R 10 mg vs placebo   The primary outcome was death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. Secondary outcomes included death from any cause, any coronary event, death from cardiovascular causes, and the number of hospitalizations    No improvement in the primary outcome or the number of deaths from any cause, but reduced the number of cardiovascular hospitalizations
  GISSI-HF[@b59-ibpc-6-015]   4574 adult patients with chronic heart failure of New York Heart Association class II--IV, irrespective of cause and left ventricular ejection fraction   3.9 years (median)   R 10 mg vs placebo   Time to death, and time to death or admission to hospital for cardiovascular reasons                                                                                                                                                                        No effect on the clinical outcomes
  AURORA[@b65-ibpc-6-015]     2776 patients, 50--80 years of age, undergoing hemodialysis                                                                                               3.8 years (median)   R 10 mg vs placebo   The primary end point was death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. Secondary end points included death from all causes and individual cardiac and vascular events                                              No effect on the primary or the secondary end point

**Abbreviations:** LDL-C, low-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; vs, versus.
